Biomolecules (Amino Acids) have been used as catalysts for the study of kinetics involved in enolisation of acetophenone and p-bromoacetophenone, and comparative study has been carried out. The process of enolisation has been studied by halogenation reactions using iodine. The stoichiometery was determined in each case and the kinetic reactions have been carried out to study the effect of catalyst and temperature. The enolisation process has been investigated as a bimolecular reaction. The rate of enolisation was of the order p-Bromoacetophenone > Acetophenone depending on the type of substituent. The process studies follow Arrhenius equation. Values for various thermodynamic parameters like entropy (∆S ≠ ) and enthalpy (∆H ≠ )
Introduction
The phenomenon of enolisation is of utmost significance in the chemistry of aldehydes and ketones. The rate of enolisation is significantly affected by various factors like temperature, concentration and presence of catalyst. There has been no substantial study made on the enolisation reactions of acetophenone and p-bromoacetophenone till date as per the literature survey. Therefore this being the motivation, kinetics of enolisation reactions has been investigated for acetophenone and pbromoacetophenone under various conditions like temperature, concentration in the presence of catalysts.
Enolisation reactions can be studied by deuteration, recemization and halogenations [1] [2] [3] [4] [5] . Halogenation reaction, primarily iodination has been considered for the study of enolisation kinetics in the present research.
Kinetics of the process has been studied for the effect of the use of amino acids as catalyst. Amino acids and biomolecules viz. glycine and β-alinine which were obtained by the degradation of the proteins were tested as catalysts in the study of enolisation [6] . Glycine and β-alinine catalyzing the enolisation reaction contain two reactive groups, amino and a carboxyl group. These amino acids exists in the form of an internal salt known as Zwitter ion which is a dipolar ion.
The rate of the reaction has been studied and different thermodynamic parameters have been calculated. The present research will be helpful in understanding the chemistry behind the enolisation process and studying to what extent the different factors affect the rate of enolisation [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Materials and Methods
Kinetic runs were carried out in a thermostat (England Make) of 10 liter capacity fitted with an automated stirrer. Corning burette of grade 'A' was used for performing the titrations. Throughout the investigations glassware of borosil was used. Acetophenone was procured from B.D.H England and p-Bromoacetophenone from Kochlight laboratories Ltd. Calnbrook bucks, England and both were of A.R. grade.
Stock solutions of 0.1 M concentration were prepared by dissolving weighed amount of the ketones in 100% acetic acid, as these were insoluble in alcohol. 1 M stock solution each of different amino acids was made in bidistilled water and was used within two days, after which fresh solutions were again made.
Kinetic Measurement of Enolisation
Long neck stoppered flasks were taken one of these containing 0.1 M ketone and the other with the reactants i.e. acetic acid, water and iodine. The flasks were termostated at the desired temperature for about 30 min. 5 ml of the ketone was added to the flask containing the reactants and shaken thoroughly. An aliquot was immediately withdrawn and quenched in ice cold water in a 100 ml conical flask after which the amount of iodine was estimated by titration with 3×10 -3 M Hypo solution using starch as an indicator. This indicated the concentration of iodine at zero time. The process was continued by withdrawing 5mL aliquots at regular time intervals and determining the iodine used.
The rate constant in the above case can be represented as:
(1) Here, k1 the specific reaction rate, a, is the initial concentration of iodine at zero time and x is the amount of iodine consumed in time t.
x a
Variation of Amino Acids
A variation in the concentration of the amino acids was made in the range of 10.0×10 2 to 22.0×10 2 M and the concentration of the other reagents were kept constant. Studies were carried out at intervals of 30 min . This variation was done in the usual way taking the stock solutions and the rate constants were noted.
Effect of temperature
The effect of temperature differs in case of unimolecular (high activation energy) and bimolecular reactions (Low activation energy). In order to test the applicability of Arrhenius equation (Eqn. 2) iodometeric measurements were carried out at different temperatures ranging from 318 K to 333 K maintaining the concentration of the substrate and the amino acids constant.
(2) The rate constant (k1) was first calculated and was plotted against the reciprocal of the absolute temperature ( Figure 1 ). The slopes and intercepts of this graph provided the Arrhenius parameters. Various other thermodynamic parameters such as energy of activation (Ea), entropy of activation (∆S ≠ ), frequency factor log PZ (A), enthalpy of activation (∆H ≠ ) and free energy (∆F ≠ ) were calculated using the below mentioned mathematical expressions: In the above expressions K is the Boltzmann constant, h is the Plank's constant, T is the absolute temperature and R is the universal gas constant.
Equation (6) clearly indicates that positive or negative value of ∆S # will depend upon whether A is greater or smaller than 10 13 . A positive value of ∆S # i.e. A>10 13 will corresponds to a more probable complex formation and the reaction is faster than the normal one.
The specific rate constants were calculated as per the equation given below:
Results and Discussion

Variation of Catalyst
Amino acids like β-alanin and glycine were tested as catalysts in the enolisation process for the two ketones as these are expected to show different catalytic activity. Amino acids form two equillibria involving three kind of species. At about pH 6.0, dipolar ion (Zwitter ion) species exists, which is converted to more protonated acid form with positive charge on nitrogen. At lower pH range however it is converted into more anionic species with a negative charge on oxygen. Since the rates of enolisation of the ketones are proportional to the concentration of amino acids hence the rates of enolisation are expected to be governed by the
The velocity constants in this case to were found to increase with the increase in the concentration of the amino acids ( Table 1) . As in the above case p-bromoacetophenone again shows higher rate constant values [16, 17] . The two amino acids show different catalytic effects by virtue of their different dipole moments (β-alanine 19.4D > glycine 11.6-15.7 D). The greater the dipole moment of the amino acid more is the separation of charge in the molecule and greater is the rate of enolisation. The obtained value in Table 2 were well in agreement however among the two amino acids the order of rate constants for β-alanin were of the order p-Bromoacetophenone > Acetophenone whereas for glycine Acetophenone > pBromoacetophenone.
Variation of Temperature
Plots of log k2 versus 1/T give straight lines (R 2 = 0.993 and 0.982 for Acetophenone and pBromoacetophenone, respetively) confirming the applicability of Arrhenius equation [16, 17] . The slopes of these graphs were utilized for the calculation of Arrhenius parameters (Table 2 and The rates are found in the order pBromoacetophenone > acetophenone, thereby confirming that the presence of electron attracting groups facilitates the formation of enol thereby enhancing the rate. The findings are in accordance with the studies made by Hammett [18] , according to whom the rate of any of the substituted compounds is related to the value for the unsubstituted compounds in terms of two parameters σ and ρ. In the case of the rate constant the relationship is: , 8 (2), 2013, 107 Copyright © 2013, BCREC, ISSN 1978-2993 
Bulletin of Chemical Reaction Engineering & Catalysis
where, k0 is the rate constant of the parent compound. The parameter σ depends only on the substituent whereas ρ is the reaction constant. Substituent with positive σ values, are strong electron attractors and with negative values are weak electron attractors. Reactions with positive ρ values take place at a faster rate due to electron withdrawal from the benzene ring, whereas those with negative values are retarded by electron withdrawal.
The results of the rates obtained in the present experimentation with positive and negative substituents constant (CH3 (-0.07) & Br (0.39)) were in accordance with Hemmett. This further confirms that the electron attracting groups increase the rate whereas the electron repelling groups show an adverse affect on the rate.
The mechanism has been explained by chemical Equations (9) & (10) as follow:
A significant work was done by Watson et al. [19] has suggested that in a proper collision, at appropriate temperature with acid catalyst, energy is communicated to the groups and semipolar form becomes the main participant in the resonance state. This is then followed by an immediate transformation either regenerating the original form as per Equation (9) or leading to the production of the enol form according to Equation (10) . , 8 (2), 2013, 108 Copyright © 2013, BCREC, ISSN 1978-2993 At this point the rate of the prototropic change depends upon the speeds of reaction of ketone and the catalyst and also the proportion of the energised form present which undergoes transformation as shown in Equation (10).
Conclusions
It is concluded that the rate of enolisation in case of both the ketones is dependent upon the concentration of amino acids and temperature. Substituted acetophenone, i.e. p-bromoaceto-phenone, shows greater reaction velocities in comparison to acetophenone due to the presence of electron withdrawing bromo group. The enolisation is found to be bimolecular reaction in nature. The β-alanin shows greater reaction rates in comparison to glycine for both the ketones.
